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(54) Process and apparatus for ion exchange. 

@ In ion exchange apparatuses for purification of aqueous liquid there Is a frequent problem of 
suspended solids from the aqueous liquid tor purification becoming trapped within the bed of ton 
exchange material. 

ln the present invention this problem is overcome by the provision of a bed of filter malarial (4) 
through which the aqueous liquid is passed In a downward direction prior to entry into the ion exchange 
materia* (6,9). The filter bed (4) is cleaned during the regenerating and cleaning cyde of the ion 
exchange material, by upflow through the filter bed of a cleaning liquid which comprises the 
regenerating liquid. The filter comprises particulate material having a density greater than that of water. 
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Tho present invention relates to apparatus for 
carrying out ton exchange on aqueous liquids, rn par- 
ticular to fixed bed ion exchange having a preliminary 
filter and to the regeneration and cleaning of those 
components. 

A process of conducting ion exchange on an 
aqueous liquid consists of a service cycle. In which 
the aqueous liquid to be subjected to ion exchange is 
passed through a bed of ion exchange resin beads, or 
several sequentially arranged beds of different types 
of beads, to produce a product liquid with the desired 
characteristics. The service cycle is Mowing s 
regenerating cycle, which regenerates the ion 
exchange resin prior to the bed becoming exhausted t 
and thus prior to the ion exchange becoming inade- 
quate. For a deionfelng apparatus regeneration Is by 
flow through the bed of acid or alkali, for cation or 
• a nion exchange resins respectively, A water softener 
replaces scale-forming ions with norhscale-fccmmg 
Ions such as alkaline metal ions and halkle ions, and 
regeneration is usually by solutions of salts of such 
ions. 

For many types of apparatus regeneration is car- 
ried out by flow of regenerating liquid in the same 
direction through the bed as the service flow. This is 
termed co-flow regeneration. Thus, the flow may be 
upwards or downwards through the apparatus* Co- 
flow regeneration is adequate for water softening 
apparatus. 

For some apparatus it is advantageous for regen- 
eration to be conducted counterflow. that is with the 
regenerant liquid being passed through the bed in the 
opposite direction to the service flow. This is particu- 
larly advantageous for sorrie deionising apparatus, in 
particular the type of apparatus sold by the applicant 
company under the name "Scion", in which the rate of 
flow of liquids through the bed Is higher than most 
other apparatus of this type and the cycle frequency 
is higher, in such apparatus the improved regener- 
ation is achieved since the resin at different points in 
the bed contacts regenerant liquid having a different* 
optimum, composition. For the best results the resin 
beads should remain substantially fixed within the 
bed. For apparatus where the regenerant flow is fast 
it is therefore necessary to use restraining means to 
restrain the resin particles fixed in the bed. 

One problem which occurs with fixed bed 
apparatus is that suspended solids in the aqueous 
liquid to be subjected to ion exchange become trap- 
ped within the bed and are not removed during the 
regeneration so that eventually the beds become 
blocked. Many types of filters overcome this problem 
by including provision for periodically removing the 
resins and washing them in a purpose built vessel. 
One other way of overcoming this problem is to pro- 
vide a pre-fllter to remove the suspended solids prior 
to passage of the service flow through the first bed. 
One type of pre-filter that can be used is a cartridge 



filter a simple type of filter. The problem with this type 
of filter is that the sheet of filter material {for instance 
paper) must be changed very frequently where the 
water has a high suspended solid content 

5 It is (mown to provide filters consisting of particu- 
late material, usually ©and, which can be cleaned by 
reverse flow, optionally with aeration and/or fluidis- 
ation. Examples of such apparatus are given in GB- 
A-21 18452. G&A-2064350, and many others, The 

10 reverse flow cleaning cycle for such beds is generally 
carried out at a high flow rate, for instance far higher 
than the flow rate used for regeneration of an ion 
exchange resin bed* 

In GB-A-12283B6, an ion exchange apparatus is 

is described, in which In service flow the liquid flows 
downwards through the bed and the bed is regener- 
ated by counterflow of regenerant liquid, upwards 
through the bed. The bed la expanded during regen- 
eration. In one embodiment of the apparatus a layer 

zo of inert resin beads is positioned on top of me ion 
exchange beads, in such a quantity that the inert 
bead3 surround the regenerant liquid collector 
throughout the regenerating cycle, to prevent loss of 
ion exchange beads through the collector as well as 

25 ensuring uniformity of flow of regenerant liquid 
through the bed. It is suggested that the ion exchange 
resin beads may collect suspended matter and the 
removal of this is carried out by occasional bsckwash- 
ing of the entire bed, during which process the bed Is 

30 fluidised. Regeneration by regenerant liquid is carried 
out in an entirely separate operation with lower flow 
rates of liquid through the bed in order to prevent 
fluidlsation. Furthermore the inert resin beads prefer- 
ably have a density of less than 1 so that during ser- 

35 vice flow they float to the top of the vessel, which may 
be above the raw water Inlet, so that the inert resin 
cannot act as a filter during service flow. 

A new process according to the Invention tor ion 
exchange comprises a service cycle and a regenerat- 

40 ing and cleaning cycle, and aqueous liquid to be sub- 
jected to ion exchange is passed through a filter and 
then through a bed of ion exchange resin during the 
service cycle and the bed of ton exchange resin is 
then counterflow regenerated during the regenerating 

4$ and cleaning cycle by flow through the bed of a 
regenerating liquid and the process is characterised 
in that the f2ter comprises a bed of particulate material 
having a density greater than 1 x 10 3 kg/fri a through 
which the aqueous liquid Is passed In a downward 

50 direction during the service cycle and in that the filter 
is cleaned during the regenerating and cleaning cycle 
by uptlow through the Alter bed of a cleaning liquid 
which comprises regenerating liquid. Preferably, the 
aqueous liquid to be subjected to ion exchange is pas- 

J5 sed through the bed of ion exchange resin in <he 
downward direction during the service cycle and the 
regenerating liquid is passed through the ion 
exchange r©sfn in the upward direction during the 
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regenerating and cleaning cycle. 

In th* process the cleaning I JquW for the particu- 
late filter bed can consist essentially only of foe 
regenerating liquid or the regenerating liquid may be 
supplemented by additional liquid for instance water. 
Furthermore the cleaning of the After bed may be 
accompanied by an air scour, to increase the agitation 
of the granular material during the cleaning stage. It 
is usual for substantially all of the regenerating liquid 
to be used in the cleaning liquid, although m some cir- 
cumstances a portion only of the regenerating liquid 
may be used for the cleaning of the filter. 

The process is of most benefit for use with 
apparatus comprising a fixed bed of ion-exchange 
resin, since it is this type of bed which suffers most 
damage from suspended particles in the influent 
liquid. In the process therefore the ion-exchange resin 
is usually in a fixed bed. 

The filter can be provided in the same vessel as 
the ton exchange resin, or more usually, may be in a 
separate vessel. It is in particular advantageous for 
separate vessels to be used when the bed of ion 
exchange resin Is provided in a glass fibre (or other 
reinforcement) reinforced resin vessel since the pro- 
vision of a suitable spacer for separating the beds in 
such a vessel can be difficult, as the inlet and outlet 
openings are smaller than the vessel diameter. Typi- 
cally, suitable vessels are made from plastics mate- 
rials such as polyvinyl ester or polypropylene. When 
the vessel comprises reinforced plastic, preferably 
there is also a liner comprising for example polyp- 
ropylene. Preferably, ion exchange resin and filter 
bed are in separate vessels of the same size as this 
will help to reduce manufacturing costs. Where the ffl- 
tBr is in a separate vessel, and where the cleaning 
liquid comprises all of the regenerant liquid, there is 
no need to include a valve in the line between the filter 
vessel and the ion-exchange vessel to which it is con- 
nected. This is of course highly advantageous. 

The process of the invention is of most benefit for 
a deionfslng process, although may be of some value 
for a water-softening process. It may also be of benefit 
where organic scavenger units are being used. 

The particulate material of the filter bed may be 
any of those conventionally used in water treatment 
provided it has a density greater th an that of water and 
It is compatible with the cleaning liquid. Preferably the 
density of the materia! is from 1 .4 x 10 3 to 4,3 x 10 5 
kg/m 5 and most preferably it is 2.2 x 10* kg/m 3 or 
above. The material may be chemically substantially 
Inert and la often a simple sand fitter. Preferably, the 
particulate material comprises material other than ion 
exchange resin. In some instances it may be useful to 
use a bed of activated carbon, for instance where the 
influent water contains chlorine which needs to be 
removed. Alternatively trie particulate material may 
comprise for example, anthracite, garnet or mangan- 
ese green sand. Manganese green sand catalysts 



removal of dissolved iron although it is not suitable 
where the cleaning liquid is acidic. 

The granular material may comprise or consist of 
an ion exchange resin having density above 1 x 10? 

5 kg/m 9 , for instance which would subject the influent 
water to an initial ion exchange step. For instance tha 
ion exchange resin for the filter bed may be a strong 
acid cation resin or may comprise a mixed or weak 
acid cation resin. Any of these resins optionally being 

10 present In combination with sand or any of the other 
above-mentioned granular materials. 
~ : When two or more different components are pre- 
sent in the filter bed they preferably have substantially 
different densities so that they return to separate 

is levels fblfowing the cleaning step. 

Preferably there Is at least 20% difference be- 
tween the two densities, most preferably at least 30%. 

The filter is generally a fairly shallow bed filter, for 
instance being less than 1 m deep, preferably less 

20 than 0,75 m deep, for instance around 0.5 m deep. 
The area of the filter is suitably around 0.02 to 10 m 2 , 
for instance in the range 0.1 to 1.5 m 2 . 

(n additon to the filter bed of the particulate filter 
material, there may also be a bed of granular material 

25 comprising or consisting of another ion exchange 
resin having density below 1 x 10* kg/m 3 , again this 
coufd subject trie influent water to an initial ion-ex- 
change step. For instance the ion exchange resin for 
the filter may be a strong acid cation resin or may corrv 

30 prise a weak acid cation resin. 

In one preferred arrangement, the filler bed is in 
a separate vessel from the ion exchange resin and the 
vessel is optionally sub-divided to comprise a lower 
chamber and an upper chamber the filter bed is posl- 

35 tioned in the Jower chamber and m the upper chamber 
is an additional bed of particulate material, having a 
density below 1 x 10 3 kg/m 3 , preferably Inert resin 
beads. During the regenerating cycle, regenerant can 
flow through the filter bed and subsequently through 

40 the resin bed in the upper chamber or It can be 
removed from the vessel for example, prior to flowing 
through the upper chamber, for example via a collec- 
tor-distributor positioned between the two chambers. 
When the filter bed is provided in a separate filter 

45 vessel, the amount of free space (excluding void 
volume in the beds themselves) in the vessel is pref- 
erably below 40% of the Interna) volume of the vessel, 
more preferably below 30% and most preferably 
below 20%. Having a low volume of free space is 

so advantageous because it reduces the free water 
volume that has to be displaced and therefore a smal- 
ler volume of rinse water is required in the process. 

Provision of an additional bed of granular material 
having density below 1x10 s kg/m* is beneficial for 

$5 reducing the amount of free space in a filter vessel. In 
particular this enhances the efficiency when the ion 
exchange resin and filter beds are in separate vesseis 
of the same size. 
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The process Is of particular value where the 
regenerating/cleaning liquid is an acid, since the use 
of an acid as the cleaner aids in the removal of dirt 
from the filter partly through Its chemical action and 
parti/ through the Improved fluidlsation achieved by 5 
virtue of the higher density of the acidic solution. The 
ion-exchange resin which is regenerated in the pro- 
cess is thus preferably a cation exchange resin of a 
deioniserand may be a weak or a Strang add cation- 
exchange resin but is preferably a strong acid resin. 1 o 

The process is based on Ihs realisation that in {he 
relatively novel type of iorvexchange apparatus, in 
particular deionising apparatus, which use high ser- 
vice and rage nerant flow rates, the rate of flow of the 
regenerating liquid is sufficiently high to he ufillsabie is 
as the backwashing flow for cleaning the filter bed. ■ 
Usually the process is carried out with service flow 
rates of at least 15, preferably at least 20 and often 
more than 40 or even 60, although usually less than 
1 00 m 3 liquid perm 2 bed area per hour. For such pro- 20 
cesses the regenerant flow is preferably at least 4, 
more preferably at least 10 and often at least 15 or 
even more than 20 up to 80 m 3 /rn*/hour although usu- 
ally less than 50 or less than 30 or 25 m 2 /m 2 hour. The 
rate of flow of cleaning liquid through the filter bed is 2s 
usually of the same order as the rate of flow of regen- 
erant liquid through the Ion exchange bed, although 
may be higher or lower depending on the relative 
sizes of the filter bed and ion exchange bed. Usually 
the beds are of approximately equal area The rate of 36 
flow of cleaning liquid may be varied, either by provi- . 
ding an additional flow of liquid, usually water, through 
the bed In conjunction with the regenerant liquid, orby 
removing some of the regenerant liquid from the flow 
priorto entry to the fitter bed. Th© rate of flow of clean- ss 
ing liquid throug h the filter bed is in genera! terms suf- 
ficient to expand or fluidise the bed. 

The use of the regenerating liquid as me cleaning 
liquid is a very efficient use of chemicals, liquid and 
apparatus 3s it minimises waste water and avoids the 40 
necessity for separate back wash pumps and tanks 
for the backwashing liquid as well as minimising the 
numbers of valves required for the apparatus. 

In some instances for example, when the clarified 
liquid requires a very high degree of purity, or when 45 
the aqueous liquid for purification is particularly high 
in suspended solids or has a high content of chlorine 
such as from Img/f to 10mgtf . in accordance with a 
further embodiment of the invention, the process 
additionally comprises further polishing the liquid for so 
-purification priorto its entry into the ion exchange bed. 
This em bodiment is preferred in th e case of water hav- 
ing a relatively high chlorine content because chlorine 
will damage anion exchange resin by oxidising the 
resin cross-links causing physical weakening of the 55 
resin. 

In accordance with this embodiment, the filter bed 
and ion exchange resin are provided In separate ves- 



sels and a filter cartridge is additionally provided. 
Thus, aqueous liquid to be subjected to ion exchange 
is passed through a filter followed by a filter cartridge 
prior to entry Into the bed of ion exchange resin during 
the service cycle. During the regenerating and clean- 
ing cycle, when the ton exchange resin is regenerated 
by flow of regenerating liquid through the bad in the 
opposite direction (counterfiow), which also cleans 
the filter by upflowthraugh thefBter, itis importantmat 
the regenerant does not flow through the cartridge fil- 
ter In the counterflow direefion. Therefore if the regen- 
erant from the ion exchange bed is required to flow 
substantially continuously from the top of the ion 
exchange bed to the filter, the cartridge fitter must be 
separated from the flow. This can be achieved by pro- 
viding 2 non-return valves on the supply means to the 
cartridge filter such that the Influent water for purifi- 
cation is directed through the cartrdige filter and the 
regenerating liquid is directed through a by-pass and 
is prevented from flowing through the cartridge filter. 

The cartridge filter is generally a paper cartridge 
-filter although any otfjer suitable cartridge filter, for 
example, carton cartridge filters can be used. 

When a cartridge filter is used It is particularly 
important that no acidic regen ©rating liquid flows back 
Into the cartridge filter because these will adsorb onto 
the filter and elute off into the service flow. 

The invention also consists of new apparatus for 
carrying out the process described above. Apparatus 
according to the present invention comprising a filter 
bed (4) in a vessel and an Ion exchange bed in a ves- 
sel, free space (5) above the filter bed (4) into which 
the bed can expand during backwashing, first flow 
path (10) leading into a first end of the titer bed and 
a second flow path (11 ) extending from a second end 
of the filter bed (1) to a first end of the ion exchange 
bed (2) and a third flow path (12) extending from the 
second end of the ion exchange bed wherein, in use, 
during a service cycle, liquid for purification flows via 
the fust flow path (1 0) into the first end of the Alter bed 
(1) through the fitter bed (1) and then exiting the filter 
bed from the second end and then passing via the 
second flow path (11) into the first end of the Ion 
exchange ved (2), exiting the ion exchange bed at the 
second end and in use during a regenerating cycle 
regenerating liquid flows in opposite direction through 
the Ion exvhange bed (2) from second end to first end 
and then through the filter bed (1) from second end to 
first end. Preferably the apparatus additionally com- 
prises a cartridge fater (17) and in use, In the service 
cyde, liquid flowing through the Piter (4) and then 
through the cartridge filter (17) and then Into the Ion 
exchange bed (2). The filter bed and ion exchange 
bed may be In the same or separate vessels. Thus, 
when the filter bed and ton exchange bed are In sepa- 
rate vessels, the flow path is provided by a flow line. 
Whan they are in the same vessels> liquid flowing 
through the apparatus can flow directly from one bed 
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to the other. 

The invention is now described with reference to 
Figures 1 and 2. 

Figure 1 illustrates a prefewed embodiment of the 
apparatus and process according to the Invention. 

Figure 2 illusrates the apparatus and process 
incorporating the cartridge fitter- 
Figure 3 illustrates a preferred filter vessel 
arrangement 

As shown In Figure 1, the apparatus consists of 
a filter vessel 1, a cation resin vessel 2 and an anion 
vessel 3- In the filter vessel 1 is a bed of sand 4. There 
is free space 5 above the bed 4 into which the bed can 
expand during backwashing. In the cation vessel 2 is 
a fixed bed 6 of cation-exchange resin, held in place 
by top and bottom plates 7 and 8, Alternatively the 
resin may substantially fill the entire vessel and may 
be prevented from escaping from the vessel by the 
distributor and collector components at the top and 
bottom of the vessel. The vessel may for instance be 
formed of metal, or> preferably reinforced resin, pref- 
erably glas&fibre reinforced resin of the type used in 
the applicants Scion apparatus. In anion vessel 3 is 
a bed 9 of anion-excnange resin, packed in the vessel 
in a similar manner as the cation resin. 

During service flow influent impure water flows 
through line 10 downwards into the filter vessel 1> 
through the bed which removes suspended dirt and 
out through line 11. It is subsequenfly passed down- 
wards through bed 6 in vessel 2 for cation exchange 
and is then passed through line 12 downwards into 
the anion exchange vessel 3 and through the bed 9 
and out through line 13 at the base of that vessel. 

When the beds are exhausted they are regener- 
ated, preferably simultaneously, by courrterfiow 
regeneration. The cation bed 6 is regenerated by flow 
of a regenerant liquid through line 14 upwards through 
the bed and outvia (in© 11 into the filter vessel 1. The 
bed 4 is expanded and/or fluidised by the flow of 
cleaning liquid, which in this case consists essentially 
only of the regenerant liquid, all of the regenerant 
liquid being used for the cleaning operation. The 
cleaning acts to remove the solids Which have been 
filtered out of the influent water and the cleaning liquid 
with removed solids is removed from the vessel 1 via 
line 10, from which it is led to waste, usually aftertreat- 
mant to remove contaminants. 

Simultaneously with the regeneration of the 
cation resin 6, the anion resin 9 In vessel 3 is regen- 
erated by flow of an alkali through line 15 upwards 
through the bed 9 and out of the vessel through line 
16. 

In the apparatus shown it b preferred for service 
flow to be at a rale of the order of BO m%n 2 hour 
although rates in the range 20-BO nWm* hour may be 
used. The regenerating flow is preferably 20-24 mVm 2 
hour In the ion exchange resin bed and in the filter 
bed. Sometimes the rate may be as low as 4 or 5 



m%n* hour. The use of acid as the regenerant and 
cleaning liquid Is advantageous sfrice It has a higher 
density than pure water and thus effects fluidisation of 
the filter bed at lower rates. 

As can be seen in the drawing, there is no valve 
in the line between the filter vessel 1 and ion 
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exchange vessel 2. 

The drawing of figure 2 shows the same 
apparatus but with the additional cartridge filter 17. 
During service flow influent impure water flows 
through line 10 downwards into the filter vessel 1 ? 
through the bed and out through line It It then pas- 
ses along line 1 1 into line 19 and downwards into and 
through the cartridge filter 17. It is preventedfrom pas- 
sing through line 20 by one way valve 21 which 
enables upflow only along line 20. Waterthat has pas- 
sed through filter 17 flows out of the cartridge filter 
along line 22 through oneway valve 23 which enables .,. 
downflow only along line 22 and into line 24. Line 24 
then leads the water into cation resin vessel 2 and the 
service flow proceeds on through vessel 3 in accord- 
ance with that shown in figure 1. 

When the beds are exhausted they are regener- 
ated by counterflow regeneration. The cation bed 6 is 
regenerated as described with reference to figure 1 
and after leaving the top of vessel 2, the regenerant 
flows through line 24 and through one way valve 21 
before passing along line 20 and via line 11 into filter 
vessel 1, thU6 by-passing cartridge filter 17. 

Figure 3 illustrates a preferred filter vessel 
arrangement in which the filter vessel 31 comprises 
an upper chamber 32 comprising a bed 33 of inert 
ion-exchange resin beads, having a density of below 
1 x lOHcg/m* and a lower chamber 34 comprising a 
bed 35 of particulate filter material having a density 
greater than 1 x 10 s kg/rn 3 , generally sand. Inter- 
mediate chamber 36 comprises mid -collector dis- 
tributor 37. 

During the service cycle, aqueous liquid for ion 
exchange enters the filter vessel 31 along line 38 and 
via line 36 and strainer 40, which ensures good dis- 
tribution of the liquid into the bed 33. AqueOUS liquid 
flows through bed 33 and leaves upper chamber 32 
through orifices 41 leading to intermediate chamber 
36. It then flows through orifices 42 into lower cham- 
ber 34 comprising ttiB bed of filter material 35, passes 
through trie filter bed 35 and exits the Alter through 
strainer 43 and along line 44, 

During the regeneration cycle, regenerant enters 
the lower chamber 34 along line 44 and Yia strainer 43 
which ensures good distribution of the regenerant into 
filter bed 35. The regenerant then flows via orifices 42 
into intermediate chamber 3D, Regenerant can be 
removed from vessel 31 either via mid-collector dis- 
tributor 37 and lines 44 and 45 or. via lines 30 and 46 
after flowing through orifices 41 and passing through 
the bed 33. 

Optionally, mid-coBector-distributor 37 can also 
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provide ari air scour w&h eir inlet along line 47 end air 
outlet through outlet line 46. 

Optionally, a second mid-coHector-dlstfibiitor 
could be added within the bed of inert resin beads 3$ 
to ensure cleaning of this bed, preferably including air 
scouring. 
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jr. A process according to any preceding claim in 
which the flow rate of the regenerant is at least 4 
mVm 3 mour, preferably above 10 roVrrWhour, 
most preferably above 15 or even 20 m^/rtf/hour 
s uptoSOm'/rn^/hour.andtheflowrateisbetowSO 
or even 30 mVnWhour. 



Claims 

1 . A process for ion exchange comprising a service 
cyde and a regenerating and cleaning; cycle, in 
which aqueous liquid to be subjected to ion 
exchange is passed through a filter (4) and then 
through a bed of ion exchange resin (6,9) during 
the service cyde and the bed of ion exchange 
resin is then counterflow regenerated during the 
regenerating and cleaning cycle by a flow through 
the bed (6.9) of a regenerating liquid and the pro- 
cess Is characterised in that the filter (^com- 
prises a bed of particulate material having a 

- density greater than 1 x 1 0 3 kg/rn 3 , through which 
the aqueous liquid is passed h a downward direc- 
tion during the service cycle and in that the filter 
is cleaned during the regenerating and cleaning 
cycle by upflow through th e filter bed of a cleaning 
liquid which comprises regenerating liquid. 

2. A process according to dato 1 in which the 
aqueous liquid to be subjected to ion exchange is 
passed through the bed of ion exchange resin 
(6,9) m the downward direction during the service 
cycle and the regenerating liquid is passed 
through the ion exchange resin in the upward 
direction during the regenerating and cleaning 
cycle. 

3. A process according to any preceding claim in 
which the cleaning liquid for the particulate fitter 
bed (4) consists essentially only of the regenerat- 
ing liquid. 

4. A process according to any preceding daim in 
which substantially all the regenerating liquid is 
used in the cleaning liquid. 

5. A process according to any preceding claim in 
which the process is for debnising the aqueous 
liquid and the ion resin comprises a bed of anion 
resin (9) and a bed of cation resin (6). 

6. A process according to any preceding claim in 
which the aqueous liquid flows through the ion 
exchange resin atarate of atleastZOirP/nvVhour, 
preferably at least 40 m*/nf/hour and most pref- 
erably at least 60 m*/m 2 /hour and beiow 100 
n^/nrYhour. 



8. A process according to any preceding daim m 
which the filter bed (4) is additionally cleaned by 

10 a oountsrflowof a^simuitarwouslywimthecoini- 
terfiow of cleaning liquid for all or a part of the 
regenerating and cleaning cycle. 

9. A process according to any preceding claim in 
is which the filter bed (4) is in thesamevessBl asthe 

ion exchange resin. 

10. A process according to any preceding claim in 
which the particulate material of the filter bed has 

20 adensityoffrom 1.4x10*to 4:3 x lu'kg/nr 5 . 

11. A process according to any preceding claim in 
which the particulate material of the titer bed 
comprises sand. 

1Z A process according to any preceding claim in 
which the particulate material of the filter bed 
comprises two or more different components 
which have densities with a difference of at least 
so 20%, the two components preferably being ion 
exchange resin which is a strong acid cation resin 
or a weak acid cation resin in combination with 
sand, activated carbon or manganese green 
sand. 

13. A process according to any preceding claim in 
which the filter bed has a depth less than 1m 
deep, preferably less than o\75m deep, and the 
area of the filter is from 0 .02 to 1 0 m 2 , preferably 

40 frOmG.1 to 1.5 m 2 . 

14, A process according to any preceding claim in 
which, in the service cycle aqueous liquid to be 
subjected to ion exchange is passed in one direc- 
ts tton, through a filter and subsequently through a 

filter cartridge and then through the bed of ion 
exchange resin. 

. 1 $\ An apparatus for purification of water comprising 
$o a filter bed (4) in a vessel and an ion exchange 
bed in a vessel, free space (5) above the filter bed 
(4) into which the bed can expand during back- 
washing, firstflow path (1 0) leading into a first end 
of the filter bod and a second flow path (11) 
ss extending from a second end of the filter bed (4) 

to a first end of the ion exchange bed (2) and a 
third flow path (12) extending from the second 
end of the ion exchange bed wherein, in use, dur- 
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iitg a service cycle, liquid for purification flows via 
the first flow path (1 0) into the first end of the filter 
bed (1) through the filter bad (1) and then exiting 
the filter bed from the second end and then pas- 
sing via the second flow path (1 1 ) into the first end 5 
of the ion exchange bed (2), exiting the tan 
exchange bed at the second end and in use dur- 
ing a regenerating, cycle regenerating liquid flows 
in the opposite direction through the ion 
exchange bed (2) from second end to first end 10 
and then through the filer bed (1) from second 
end to first end 

16. An apparatus according to claim 15 comprising a 
cartridge filter (17) and in use, in the service is 
cycle, liqpufd flowing through the fitter (4) and then 
through the cartridge filter (17) and then into the 
ion exchange bed (2). 

17* An apparatus according to claim 15 or claim 16 20 
comprising means for carrying out the process 
according to any of claims 1 to 14. 

18. An apparatus according to any of claims 15 to 17 

having any of the features described in any of 2$ 
claims 1 to 14. 
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